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In Hopkinson bar theory, stress, strain, and strain rate can be determined by analyzing the dimensions of the specimen.
When conducting Split-Hopkinson Pressure Bar (SHPB) experiments, the stress-strain curve is obtained by considering the
entire length and width of the specimen. However, in Split-Hopkinson Tensile Bar (SHTB) experiments, it is important to
only consider the regions where deformation occurs in order to accurately determine the dynamic material properties. This
study introduces a method for selecting the dimensions of the deformed region (Lp and Wp) in plate specimens for SHTB
experiments using Finite Element Analysis (FEA). The analysis involved varying the length and width of a 1 mm thick
SUS430 specimen, and the deformed region was determined using the proposed method. The stress-strain curves
obtained from this region were then compared with the input Cowper-Symonds model. The validity of the proposed
approach was confirmed, as the percentage error between them ranged from 2.54 to 6.62%.
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Fig. 4 Schematic of the plate specimen for SHTB

Table 1 Specification of the bars

Bar Length [mm] Diameter [mm)]
Incident bar 3,500 20
Transmitted bar 1,595 20
Inner Outer
Striker 400
22 30

Table 2 Material properties of SNCM439

Property Value

Density [kg/m®] 7,850
Young’s modulus [GPa] 196
Poisson’s ratio 0.3
Yield strength [MPa] 1550

Table 3 Material properties and Cowper-Symonds parameters of

SUS430
Property Value
Density [kg/m’] 7,800
Young’s modulus [GPa] 200
Poisson’s ratio 0.3
Yield strength [MPa] 345
C [MPa] 76.2653
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Fig. 5 Clamping pressure condition on grip of the bars
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Fig. 6 Comparison of stress-strain curves; with clamping pressure
and without clamping pressure
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Fig. 10 Comparison of Lg and 45 between SHPB and SHTB
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Fig. 12 Calculation of L, for plate specimen of SHTB
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Fig. 13 Comparison between the input Cowper-Symonds curve and
finite element analysis result. Ly and W; were used for the
calculation
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Fig. 15 Calculation of W}, for plate specimen of SHTB
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Table 4 Changes in Lp, Wp and e with variation in specimen’s L;

L;[mm] Lp [mm)] Wp [mm] e [%]
4 11.8 6.8 2.31
6 12.9 6.5 3.61
8 15.0 6.5 3.50
10 17.1 6.4 5.50
12 19.8 6.5 5.05

Table 5 Changes in Lp, Wp and e with variation in specimen’s W

Wi [mm] Lp [mm] Wp [mm] e [%]
4 12.1 6.8 3.99
5 12.7 6.5 4.20
6 12.9 6.5 3.61
7 13.1 6.4 3.64

Table 6 Changes in Lp, Wp and e with variation in strain rate

V [m/s] £ [s Lp[mm]  Wp[mm] e [%]
4 260 12.5 6.4 6.62
6 400 12.9 6.5 4.46
8 540 12.9 6.5 3.61
10 660 13.1 6.6 2.54

Table 7 Percentage error e between the specimen’s actual strain rate
and strain rate by SHTB method when ;=6 mm

L; [mm] 4 6 8 10 12
e [%] 13.62 0.87 14.25 9.94 3.59

Table 8 Percentage error e between the specimen’s actual strain rate
and strain rate by SHTB method when L; = 6 mm

W; [mm] 4 5 6 7
e [%] 10.29 11.18 0.87 21.17
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Fig. 16 Comparison of the input Cowper-Symonds curves and FEA results for different gauge lengths. Ly and Wj were used for the FEA
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Fig. 17 Comparison of the input Cowper-Symonds curves and FEA results for different gauge widths. L, and W, were used for the FEA

results calculation

= of
(]
1o
[\]
()
X
N
)
rr
>
ok
X
>
1o
Y
N
i)
u
ﬂ
R
o
=
S

QAR A e, Lot WS AHgehe 9 B
TS FYAD USSRk

OF FA SE v 4% A LE Wgsh a5
Ak, L7 Z74H Lo 371k %8S melom ol
1p9] Z7152 1,9] Z71%3k Kl ole] met AlRe] 2o
7 FABAE (Ly-L) AL 8 BEA g §HBE
% QlSick. TRl LS SAR A WS WS A2 S
SIS s W7k Z7Ktel wet Lot 4% F71skgot F3
AT Ak Wool FRFS W N fARIL
1ol s} 528 w2 Pelsto] MFE L)
¥24E Lyt S/t
B8 A= 32 oY Hx
s 93 e A o7t W4T, WHE
SE7h HaR® ARk AR Aol2Bol thel e 2.54-6.62%

o ng



August 2024 /615

Apolo]m A o] FE3) Alzige] ek Besic

27} AFL 9o Al axold HY U WIE S
ORI Ly, WpE Hheisto] 3 MBS Swot vlustoc.
08721.17% Afo|2 Ly} W,o] Abssio] Haiha< shersigict.

1|

o

BTA

O

ACKNOWLEDGEMENT
o] =S 20239 FA7|7eHEAUTHY AfYer &
271471/ NEA LAY S| Sl 25 AAEAEAR G A
A&) (No. G218334512301)3} 20233 = AR (IR E
Ao Ador FrmdtAEe] 7] E AR AR (RS2023-
00253462182065300001)2] 2| wrol Z=aiw A reuct. o]
of BAR oA FA=HY T

REFERENCES

1. Golovashchenko, S. F., Gillard, A. J., Mamutov, A. V., (2013),
Formability of dual phase steels in electrohydraulic forming,
Journal of Materials Processing Technology, 213(7), 1191-121.

2. Trzepiecinski, T., (2020), Recent developments and trends in
sheet metal forming, Metals. 10(6), 779.

3. Khan, A. S., Baig, M., Choi, S. H., Yang, H. S., Sun, X, (2012),
Quasi-static and dynamic responses of advanced high strength
steels: Experiments and modeling, International Journal of
Plasticity, 30-31, 1-17.

4. Cadoni, E., Fenu, L., Forni, D., (2012), Strain rate behavior in
tension of austenitic stainless steel used for reinforcing bars,
Construction and Building Materials, 35, 399-407.

5. Huh, H,, Lim, J. H,, Park, S. H., (2009), High speed tensile test of
steel sheets for the stress-strain curve at the intermediate strain rate,
International Journal of Automotive Technology, 10, 195-204.

6. Taylor, G 1., (1946), Testing of materials at high rates of loading,
Journal of the Institution of Civil Engineers, 26(8), 486-519.

7. Rakvag, K. G, Bervik, T., Hopperstad, O. S., (2014), A
numerical study on the deformation and fracture modes of steel
projectiles during taylor bar impact tests, International Journal of
Solids and Structures, 51(3-4), 808-821.

8. Chen, W., Song, B., (1997), Split hopkinson (kolsky) bar: design,
testing and applications, Springer.

9. Al-Mousawi, M. M., Reid, S. R., Deans, W. E., (1997), The use
of the split hopkinson pressure bar techniques in high strain rate
materials testing, Proceedings of the Institution of Mechanical
Engineers, 211(4), 273-292.

10. Li H., Li, F-H., Zhang, R., Zhi, X.-D., (2023), High strain rate
experiments and constitutive model for Q390D steel, Journal of
Constructional Steel Research, 206, 107933.

11.

12.

13.

14.

15.

16.

Li, P, Yuan, K., Guo, W., Wang, R., Chen, L., Gao, M., Du, P,
(2022), Dynamic compressive behavior of a single crystal nickel-
superalloy at ultra-high
investigation with a modified electric synchronous SHPB

base temperature:  mechanism
technique, Journal of Materials Research and Technology, 18,

637-657.

Huh, H., Kang, W. J.,, Han, S. S., (2002), A tension split
hopkinson bar for investigating the dynamic behavior of sheet
metals, Experimental Mechanics, 42, 8-17.

Ledford, N., Paul, H., Ganzenmiiller, G, May, M., Hiifemann,
M., Otto, M., Petrinic, N., (2015), Investigations on specimen
design and mounting for split hopkinson tension bar (SHTB)
experiments, Proceedings of the EPJ Web Conferences, 94,
021049.

Pham, T. N., Choi, H. S., Kim, J. B., (2013), A numerical
investigation into the tensile split hopkinson pressure bars test for
sheet metals, Applied Mechanics and Materials, 421, 464-467.

Nguyen, K.-H., Kim, H. C., Shin, H., Yoo, Y.-H., Kim, J.-B.,
(2017), Numerical investigation into the stress wave transmitting
characteristics of threads in the split hopkinson tensile bar test,
International Journal of Impact Engineering, 109, 253-263.

Moreira, B. S., Nunes, P. D. P, da Silva, C. M., Tenreiro, A. F.
G, Lopes, A. M., Carbas, R. J. C., Marques, E. A. S., Parente,
M. P. L, da Silva, L. E. M., (2023), Numerical design of a
thread-optimized gripping system for lap joint testing in a split
hopkinson apparatus, Sensors, 23(4), 2273.

Byeongjin Park

M.Sc. candidate in the Department of Aero-
space Engineering, Pusan National Univer-
sity. His research interest is acquisition of
dynamic material properties.

E-mail: grooveline4@pusan.ac.kr

Yeon-Bok Kim

Ph.D. candidate in the Department of Aero-
space Engineering, Pusan National Univer-
sity. His research interest is Electro-magnetic
Forming.

E-mail: 941208a@pusan.ac.kr

Jeong Kim

Professor in the Department of Aerospace
Engineering, Pusan National University. His
research interest is high speed forming.
E-mail: greatkj@pusan.ac.kr



	A Numerical Investigation of Deformed Region in Plate Specimen of Split-Hopkinson Tensile Bar
	1. 서론
	2. SHTB
	3. 결론
	REFERENCES


